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The degradation of the proton exchange membrane (PEM) is one of the main factors limiting 24 the proton exchange membrane fuel cell (PEMFC) stability and performance (1, 2). The 25 development of PEM with increased durability remains thus today a critical obstacle that 26 restricts the large scale spreading of PEMFC systems. The decomposition of the membrane is induced by several factors among which mechanical 28 stress and chemical degradation prevail. 29 The mechanical degradation is initiated by humidity cycling that creates alternating 30 shrinkage/swelling events and a non-uniform stress distribution in the membrane plane. The 31 resulting reduction of the polymer mechanical strength can lead to the formation of cracks 32 and to the final failure of the membrane electrode assembly (MEA) (3-5). 33 The chemical decomposition of the PEM in the MEA is caused by gas crossovers. The The structure and basic properties of the Nafion XL membrane were investigated by Shi and 50 co-workers (10). The authors examined the effect of reinforcement and pre-treatment and 51 showed that the reinforcement layer alters significantly the dimensional swelling in the 52 plane while it increases swelling in the thickness direction in such a way that the overall 53 water uptake remains similar to that of the non-reinforced analogue membrane. This 
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In the present study we aim at measuring several indicators of the Nafion XL properties in 72 the pristine state and after long term FC operation. The object of our analysis is the 73 evolution of the chemical structure and the water properties due to membrane degradation. is not to study the chemical degradation mechanisms but rather to elaborate an 83 experimental approach able to deliver a set of data indicative of membrane degradation. 84 The collection of structural, sorption and transport data on PEM membranes represents a 85 long and tedious process and necessitates quite a lot of resources (analytical instruments 86 and access to large instruments such as synchrotrons (14, 15)). Since the different data are 87 inter-correlated, we believe that it is possible to gather a set of experimental quantities in a 88 limited amount of time and to define a marker of the membrane degradation based on 89 these data. This paper presents the first steps towards this new approach.
90
Experimental
91
Materials
92
Perfluorosulfonated membranes
93
Two commercial PFSA membranes, Nafion XL and Nafion NR211, were purchased in 
Water Sorption
129
The water sorption isotherms were measured using a IGASorp (Hiden Isochema, UK) 
PFG-NMR
168
The water self-diffusion coefficients were measured using a stimulated-echo 
Results
183
Water populations and mobility. 
250
In coherence with the proton spectrum, the diffusion coefficient of population 1 is lower in 251 the aged membrane. Again, this is indicative of less water content and/or changes in the 252 diffusion pathways in the PFSA structure. The water sorption isotherm presented in Figure 3 253 can help to understand these observations. In the Nafion PFSA, the water sorption behavior 254 is one of the most important phenomenon affecting its structural and transport properties. of the isotherm at higher water activities is linked to the macroscopic swelling of the 265 membrane and thus is controlled by the membrane's mechanical properties (9).
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The experimental isotherms of Figure 3 show that the maximum water uptake is much lower 267 in the aged membrane than in the pristine sample. This is mostly due to the partial loss of 
Conclusion
400
We performed an experimental study of some of the important properties of PFSA 401 reinforced membranes before and after long-term operation (12,860 hours) in a fuel cell.
402
Our objective was to demonstrate that a small quantity of fast measurements can bring 403 relevant information on the impact of FC operation on these properties. Based on our findings, we think that it is possible to use proton NMR and FTIR to quickly 
